We demonstrate experimentally that disorder enhanced Andreev current in a tunnel junction between a normal metal and a superconductor provides a method to measure electronic temperature, specifically at temperatures below 200 mK when aluminium is used. This Andreev thermometer has some advantages over conventional quasiparticle thermometers: for instance, it does not conduct heat and its reading does not saturate until at lower temperatures. Another merit is that the responsivity is constant over a wide temperature range.
the normal side of the junction, but a systematic study would be required to make definite statements. In the following we will treat the island as a single composite metal with a rectangular shape of length L = 2.73 µm, width W = 0. 4 This allows us to derive the zero bias conductance of the device. The current I through the junction is expressed as
where T n are the set of transmission probabilities of the conducting channels. They relate to the junction normal state resistance R N by the Landauer formula 1/R N = (e 2 /π) n T n .
We further assume quasi-equilibrium on both sides of the junction, neglect charge imbalance on the superconducting side, and choose the distribution function in the normal island to be the equilibrium Fermi-Dirac one f (E) = 1/(e E/k B T + 1). Energy dependent conductance g( ) has the form (see, e.g. Ref. 9):
where ν N , ν S are the densities of states in the normal and superconducting leads respectively, 
The disorder enhanced Andreev reflections are producing two corrections to the conductance 
and the Cooperons themselves are the solutions of the diffusion equation
Here τ 
This value is small as compared to typical bias voltages and temperatures, which allows us to simplify the expression for the current (1). Namely, since the function Ξ N (2 ) quickly decays for energies | | > E Th , while Ξ S (2W ( )) varies slowly at energies | | < ∆, we can make the approximations (see 12)
where H S is the thickness of the superconducting film. Substituting this result in Eq. (1) for eV ∆, we arrive at the result 13 ,
where
The current amplitudes I A N,S read 
is an effective Dynes parameter accounting for the sub-gap leakage current. Environment assisted tunnelling 7 may also contribute to the phenomenological parameter γ. Nevertheless, 
The NIS thermometer responsivity will eventually vanish due to the sub-gap leakage, as the NIS resistance reaches the limit set by the γ parameter.
The responsivity changes sign for the temperature
For temperatures below T 0 Andreev current is dominating the zero bias conductance, leading to the positive responsivity
which remains constant for k B T > E Th . This phenomenon is also called reentrance effect, it has been predicted theoretically 14 and measured experimentally 15 .
In order to reproduce the data presented in Fig. 2 theoretically, we need to take into account that the electronic temperature saturates at around 85 mK when cooling the bath (T bath ) below this temperature. This can be incorporated in the modelling by considering the normal island of the device to be a free electron gas in quasi-equilibrium so that its temperature T e is the solution of the following Heat Balance Equation (HBE):
Although Andreev current does not transport heat across the barrier, it has been shown that it produces powerQ a = I N × V into the normal island 16 .Q qp (V, T e ) represents the heating (or cooling) due to quasi-particle transport through one of the junctions. One can neglect this term near zero bias, but it dominates the left-hand side of Eq. (15) In the small bias regime, the main source of noise comes from the voltage pre-amplifier. . Generally, in an equilibrium environment whereQ ext can be neglected, the saturation of the electronic temperature is determined by self heating. In this respect Andreev thermometer is favourable since it operates near zero bias. This is not the case for instance for a NIS thermometer for which a trade-off between the responsivity and the operation range cannot be avoided.
As Andreev thermometer is probing the local temperature of a metallic island, one can expect this system to be a radiation absorber, and we estimate the NEP to be 1×10 
We will define the spatial coordinate using the Cartesian coordinates r = x x + y y + z z .
The solutions of Eq. (A1) can be written in the form 
FIG. 4. Sample geometry
We aim to calculate Ξ S (2E) entering in Eq. (2), defined by
The previous integral runs over the junction areas, located below the island, x = 0.. 
Re
As y 0 = W , only the term m = 0 contributes to the sum,
Cooperon function in the Normal side of the junction
We can make the following approximation x 0 L/2, which allows us to approximate
Here the first term corresponds to n = 0. The case l = 0 reads:
For large energies E → ∞, using lim 
This asymptotic result is only an approximation for finite energy E, provided that E
L 2 where E Th is an effective Thouless energy. One can consider terms with l = 0 using the same approach by substituting 1/τ ϕ by 1/τ = τ ϕ + Dπ 2 l 2 H 2 , but as H << L one can take the limit E → 0 in Eq. (A8), leading to Ξ S (2E) being constant. These terms are not contributing in a noticeable way to the total conductance described by Eq. (2).
Cooperon function in the superconducting side of the junction
The derivation of Ξ S (2W (E)) is similar to the normal side. We consider the volume located below the junction, so that V = x 0 W H S = AH S . Then,
Again keeping only the term l = 0, we obtain
We can now insert W ( ) = i √ ∆ 2 − 2 for | | < ∆, W ( ) = sgn( )
leading to
